DPSIR framework (Drivers-Pressures-States-Impacts-Responses) is widely used to assess and manage environmental problems, but has yet to be applied to biological invasions. The framework can be adapted for the specific threat of alien species on biodiversity where:
1. Drivers are the socio-economic and socio-cultural forces underpinning human activities that determine the magnitude of biological invasions 2. Pressures reflect the exposure of ecosystems to the threat of alien species 3. States are measurements of the condition of the environment in terms of the distribution and abundance of alien species 4. Impacts are the effects of alien species on biodiversity and ecosystem function Table 1 Terms used to describe biological invasions.
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Term Description
The movement, by human agency, of a species, subspecies or lower taxon (including any part, gametes or propagule that might survive and subsequently reproduce) outside its natural range (past or present). This movement can be either within a country or between countries. ''intentional introduction''
An introduction made deliberately by humans, involving the purposeful movement of a species outside of its natural range and dispersal potential. (Such introductions may be authorised or unauthorised.) ''unintentional introduction''
An unintended introduction made as a result of a species utilising humans or human delivery systems as vectors for dispersal outside its natural range. ''alien species'' A species, subspecies or lower taxon introduced outside of its natural range (past or present) and dispersal potential (i.e. outside the range it occupies naturally or could not occupy without direct or indirect introduction or care by humans) and includes any part, gametes or propagule of such species that might survive and subsequently reproduce. Synonyms include non-native, non-indigenous and exotic species. ''acclimatised species''
An alien species which becomes established in natural or seminatural ecosystems but is incapable of maintaining free-living populations without human intervention. ''naturalised species''
An alien species which becomes established in natural or seminatural ecosystems with free-living, self-maintaining and selfperpetuating populations unsupported by and independent of humans.
''feral species''
A naturalised alien species that has reverted to the wild from domesticated stock (e.g. has undergone some change in phenotype, genotype and/or behaviour as a result of artificial selection in captivity). ''invasive alien species''
A naturalised alien species which is an agent of change, and threatens human health, economy and/or native biological diversity. 5 . Responses refers to the regulatory and strategic actions available to society to mitigate the threat of invasions in each of the four preceding framework components
Each of the framework components is dealt with in the following sections in order to present trends in a structured manner and thus facilitate communication to policy makers and the public. The results highlight several components where science and policy currently fail to address the threat of alien species to European biodiversity.
The Trouble with Trade and Travel: Economic Drivers of Biological Invasions
Europe is a major market for the import and export of international trade, and this commerce has facilitated the spread of alien species into and within the region through a diversity of means. These include intentional releases into the wild, accidental (but often foreseeable) escapes from captivity and/or domestication, as well as unintentional introductions as a by-product of trade. The use of alien species in farming, forestry, aquaculture and for recreational purposes has increased in much of Europe since the beginning of the 20th century. Alien species may be imported because they offer increased economic returns (e.g. plantations of fast-growing non-native conifers), satisfy demand for exotic products (e.g. fur trade), feed on and suppress other species (e.g. biological control agents) or simply because people like them (e.g. pets and many garden plants). Although there is considerable variation among taxa and biomes in the means by which alien taxa have entered Europe, many aliens have been introduced intentionally ( Figure 1 ). Vertebrates have often been intentionally introduced into the wild as game animals (e.g. pheasant (Phasianus colchicus), fallow deer (Dama dama) and rainbow trout (Oncorhynchus mykiss)). Associated with intentional establishment of game are alien plants introduced for cover (e.g. snowberry (Symphoricarpus albus)) and invertebrates as bait (e.g. freshwater shrimp (Gammarus pulex)). Pathogens (Myxoma virus), invertebrates (Psyllaephagus pilosus) and vertebrates (Ctenopharygdon idella) have been successfully established as biocontrol agents in Europe. 6, 7 Intentional introductions often result in widespread establishment of the aliens as a result of supplementary feeding, repeated introductions and the release of a high number of individuals. As might be expected, intentional introductions are responsible for the establishment in the wild of several alien species (Figure 1) .
Although not intentional, the escape of alien plants and animals from managed environments into the wild is to be expected. Such ''accidents'' include the feralisation of crops (e.g. rape (Brassica napus)), livestock (e.g. goats (Capra hircus)) and farmed fish (e.g. Atlantic salmon (Salmo salar)); deliberate release from fur farms (e.g. American mink (Mustela vison)); escapes of ornamental animals (e.g. ruddy duck (Oxyura jamaicensis)) and plants (e.g. rhododendron (Rhododendron ponticum)); and the disposal of unwanted pets (e.g. red-eared slider (Trachemys scripta elegans)). Although relatively rare on an individual basis, the frequency of escapes is often high due to the large pool of potential escapees. Conservative estimates indicate that British gardens, plant centres and nurseries grow at least fifty times as many plant taxa as are found in the entire native flora. 8 Thus, even if only 1% of introductions establish, successful garden escapes represent a sizeable number of potentially problematic species. Some of the most pernicious and invasive non-native plants are the result of ornamental escapes (e.g. Japanese knotweed (Fallopia japonica), rhododendron and giant hogweed (Heracleum mantegazzianum)). Similarly, several of the most harmful non-native mammals introduced into Europe originated from escapes from fur farms: American mink, grey squirrel (Sciurus carolinensis), muskrat (Ondatra zibethicus), racoon (Procyon lotor), raccoon dog (Nyctereutes procyonoides), Canadian beaver (Castor canadensis) and coypu (Myocastor coypu).
Although less foreseeable than escapes of managed species, the introduction of aliens as contaminants of particular trade commodities is often predictable. Imported commodities (whether biological or mineral) are often contaminated with unwanted alien organisms. Alien pests, parasites or pathogens are often introduced with their hosts as unintentional ''contaminants.'' In many cases, the impacts are restricted to either one alien host (e.g. Colorado beetle (Leptinotarsa decemlineata) on potato) or several hosts (e.g. tobacco whitefly (Bemisia tabaci) on ornamental plants). Of greater concern are pathogens that not only impact upon the imported host but also spread to native species. For example, spring viraemia (a serious viral disease) was introduced into Europe with ornamental carp (Cyprinus carpio) but, in addition to carp, wild species such as tench (Tinca tinca), roach (Rutilus rutilus) and pike (Esox lucius) are also vulnerable. Accidental contamination of grain supplies or feedstuffs presents a diverse route for the introduction of alien plant species into Europe. Seed contaminants are among some of the most widespread non-native weeds (Figure 1(b) ). Although certification of the quality of imported seeds regulates this source of introduction into Europe, even today cereal seed samples are contaminated by alien crops (e.g. Brassica spp., Daucus carota) as well as nonnative weed species (e.g. Cerastium tomentosum, Lolium temulentum).
8 While contamination is often under 1%, given the large numbers of seed sown each year this can amount to a sizeable pool of introductions.
The transport of soil and aggregates either for specific needs or as solid ballast provides a route of entry for a variety of plants and animals, often in the form of resilient resting stages such as seeds, spores or eggs. The range of potential species in imported soil is vast. For example, the New Zealand flatworm (Arthurdendyus triangulatus) was introduced into the British Isles in soil traded in pots, trays and root-balled plants. 9 Approximately 80% of the world's commodities are transported in ships, and at any given time approximately 35 000 ships are operating on the world's oceans. 10 These commodities are often transported on ''one-way routes'' with no suitable cargo available for the return trip. International cargo vessels are typically large (80-300 000 deadweight tonnage (DWT)), and may carry a third of their DWT as ballast when unladen. Ballast water (and the associated sediment) presents opportunities for the entry of microbes and the eggs, cysts and larvae of various species following discharge at recipient ports. 11 The life-histories of many marine species include planktonic stages that are small enough to pass through ballast water intake ports and pumps. 12 For example, almost 1000 species have been recorded in ballast water entering European ports and range from bacteria to 15-cm long fishes 13 ( Figure 1(c) ). The survival of the species in the ballast tanks usually shows a strong correlation with the length of the journey. This is especially pronounced for phytoplankton that require light for photosynthesis although species that produce resting spores are able to survive prolonged unfavourable conditions. 14 The foregoing examples of alien species introductions are all in some extent directly related to the process of trade where the alien species is either the commodity, an alien contaminant of a commodity or deliberately transported material (e.g. ballast). However, alien species may be introduced independently of a traded commodity. Such species are described as hitchhikers and are closely linked to specific modes of travel and transport. Hitchhikers are possibly the least predictable of alien introductions and the only certainty is that increased trade and travel will facilitate further introductions. The most characterisable group of hitchhikers includes aquatic species that foul the hulls of boats and ships. A detailed survey of aliens introduced by shipping into the North Sea region revealed that although similar numbers of species are introduced through hull fouling (110), ballast water (110) and sediment (98), alien species were found in 96% of hull samples, but only 38% and 57% for ballast water and sediment, respectively. 15 The alien assemblage was primarily composed of crustaceans and bivalves. Thus the ballast tanks and associated structures may offer more opportunities for alien species than the ballast water or sediment, especially for surface-dwelling organisms. Nevertheless, the mechanism by which many hitchhikers are introduced remains unknown. For example, the introduction of the South African narrow-leaved ragwort (Senecio inaequidens) is believed to have occurred via the soil carried on military equipment during the Second World War. 16 The plant is now spreading all over Europe along the road and the railroad systems. The horse-chestnut leafminer (Cameraria ohridella) was first observed in Macedonia in 1985 and has since spread throughout major parts of Central and Eastern Europe. While movement of ornamental planting material could exacerbate spread, most dispersal is undoubtedly through hitchhiking on cars, lorries and railway wagons. The almost ubiquitous occurrence of brown rats (Rattus norvegicus) as well as house mice (Mus musculus) on European islands is a testament to how these species have successfully hitchhiked along with humans.
Human activities have further facilitated long-distance dispersal of alien species through major infrastructural developments. The construction of canals has accelerated the transfer of species from one region to another. Canals are a feature of most European countries and they have their greatest impact when they connect two or more biogeographical areas that were previously isolated from each other. The Lessepsian invasion of Red Sea organisms through the Suez Canal has profoundly modified the ecosystem of the Eastern Mediterranean. The vast majority of migrational movement has been from the Red Sea to the Mediterranean and encompasses a wide range of taxa. The percentage of Lessepsian migrants in the Eastern Mediterranean is quite high: 7.1% of Polychaeta, 22.9% of decapod crustaceans, 9.4% of Mollusca and 13.2% of fish. 17 The progressive interconnection of canals and rivers in central and eastern Europe has permitted the invasion of native species from the Caspian and Black Seas into the Baltic and North Seas. 18 The relatively low salinity in the Black and Caspian Seas enabled the survival of species within a freshwater canal network. The similarly low salinity in the Baltic Sea has led to this region supporting most of these Ponto-Caspian aliens. 19 Bridges and tunnels may play a similar role where they facilitate increased traffic between islands and mainland areas or connect neighbouring valleys in mountain areas.
Assessing the Pressure of Invasions on Ecosystems: Propagules, Pathways and People
On arrival following transport and subsequent release (whether intentional or unintentional) an alien species may or may not encounter a suitable environment. In Europe, the ecosystems most vulnerable to aliens are believed to be islands, lakes, rivers and in-shore marine areas. 20 The attributes that make particular ecosystems more susceptible to invasion have been scrutinised for several decades. 21, 22 The only generalisations are that all European ecosystems are probably to some extent susceptible to invasion and that the greater the impact of human activity the more likely ecosystems are to be invaded. 23 Human activities have favoured alien taxa through the creation of new habitat (e.g. cities, harbours); annually ploughed fields, upland reservoirs or modification of existing habitats through changes in water availability; nutrient inputs, fire intensity and grazing pressure. High human population density and dense transport networks will increase the number and frequency with which individuals are introduced to an ecosystem especially as regards contaminants and hitchhikers. 24 However, alien species may be deliberately introduced even in relatively remote areas, such as the case of the European minnow (Phoxinus phoxinus) brought from Denmark and released as live bait into high elevation montane lakes of northern Norway. 25 The likelihood of establishment in the wild will not only be a function of the susceptibility to invasion of the recipient ecosystem but also the degree to which it is exposed to different numbers of alien individuals. This is often described as the propagule pressure and refers to the number of potential viable reproductive units (e.g. seeds, spores, eggs, individual animals or plants) that are introduced to a specific ecosystem. Propagule pressure is often an important determinant of invasion but can be notoriously difficult to quantify. Data characterising introduction events are rare and almost restricted to information on deliberate releases of birds. 26 These data highlight that the volume and frequency of introduction events are the main pressures on ecosystems that affect alien establishment success. Propagule pressure will, in part, reflect the mechanism of entry into a new region. Examination of the alien flora of Scotland highlights significant differences in both the number and type of habitats colonised ( Figure 2 ). Alien plant species deliberately released in large numbers for agriculture, silviculture or horticulture or that escaped from gardens are found in almost all habitats. In contrast, grain, ballast and soil contaminants or hitchhikers on other commodities such as timber are far less widespread. Indeed, a high proportion of contaminants and hitchhikers are found in anthropogenic rather than semi-natural ecosystems. Many of the seed contaminants are ''convergent weeds'', species that share many characteristics with the crop they contaminate. These taxa exist in highly managed and artificial environments and in the absence of soil disturbance tend to become locally extinct. 8 The importance of propagule pressure is also seen in the marine environment where the proportion of alien taxa is higher in ports and estuaries than in other coastal areas or in the open seas. 27 Marine introductions are largely via contaminants or hitchhikers and this emphasises the orders of magnitude difference in the volume of international shipping entering European ports and estuaries compared to the scale of mariculture in the region. On a global scale some 3-5 billion tonnes of ballast water are transported annually. 10 Given that propagule pressure may play a key role in the susceptibility of European ecosystems to alien species, any attempt to relate invasions to key intrinsic ecosystem traits may prove difficult.
The State of the Union: Trends in the Distribution of Alien Species in Europe
As a first step in the assessment of biological invasions, several nations have begun to undertake audits of introduced species (e.g. Austria, 28 Ireland, Nordic countries, 30 Scotland, 31 England 32 ). Unfortunately, comparison among different studies is hindered by variation in the degree to which marine, freshwater and terrestrial ecosystems were assessed and the range and quality of taxonomic detail. As a result, comparative examination of European trends is limited to relatively well-known taxa: higher plants, birds, fish and mammals. Plants represent an order of magnitude greater number of introduced species than any other taxonomic group but alien plant richness varies by an order of magnitude between France and Iceland ( Figure 3 ). Alien freshwater fish similarly reveal a ten-fold variation between the least and most species rich countries (Iceland and France again) and have a higher average richness than Figure 3 National trends in alien higher plants, 33 mammals. Alien mammal richness appears relatively similar across Europe. The number of alien taxa is correlated with national GDP for all four groups ( Figure 4 ). This relationship probably reflects the important role of trade, consumerism and urbanisation in the introduction of alien species, their subsequent establishment and spread. Thus one legacy of the expansion of the European Union from 15 to 25 Member States in 2003 may be a future increase in the rate of alien invasions in Eastern Europe as their national GDP increases towards the European average. Not only do European nations differ in the total number of different alien taxa within their borders, but the species composition can also vary markedly. While several invasive taxa are widespread (e.g. the black rat (Rattus rattus), Japanese knotweed, Canada geese (Branta canadensis)), the distribution of species across countries is strongly skewed, with a few ubiquitous species and many species found in only one or two countries. For example, on average any one alien plant species occurs in fewer than four countries. 33 Thus the same species may be viewed very differently, even in neighbouring countries.
Although the majority of European nations have coastlines and thus jurisdiction over part of the marine environment, audits of marine alien species often take a regional perspective (e.g. Mediterranean, North-East Atlantic, Caspian, Baltic). A summary of much of this information for Europe has recently been published. 19 For the North Sea as a whole, about 80 alien taxa have been introduced. 27 The majority (almost 60%) are invertebrates (primarily crustaceans, molluscs, polychaetes and hydroids), introduced macroalgae comprise a further quarter (mainly red and brown algae), whilst protists account for 15%. Off the coast, approximately 6% of the macrobenthic species are alien while in estuaries it is almost 20%. Thus, national rather than regional marine inventories tend to reflect higher alien richness as a result of the greater influence of coastal and estuarine species leading to an underestimate of open water aliens, especially protists. These brief examples of alien audits highlight several problems in adopting a pan-European approach to biological invasions. First, difficulties arise in the standardisation of the status of alien species. National studies often have access to far more detailed data, but classification of species may differ among countries. This is especially true in terms of the treatment of varieties, hybrids, reintroductions, translocations, feral species and naturally expanding populations. Guidelines for the classification of species status have only recently been suggested 34 (Table 1) and have yet to be widely implemented. Second, the heterogeneity in the degree to which different European nations are exposed to biological invasions may limit recognition of the risk that activities within their jurisdiction may pose to other nations. This is particularly important within Europe, with its shared coastline, trans-boundary mountain ranges and international watercourses, as species introduced into the territory of one nation can easily spread to its neighbours, sub-regions or the entire region. Third, species prioritised for management differ across Europe such that concerted actions should be planned at sub-regional scales. Finally, alien species in one European nation may be native in another. This poses considerable complexity on the development of regulations regarding trade within Europe.
Impacts on Biodiversity: Genes, Populations and Ecosystems
Alien species may impact on the populations of specific native species through hybridisation, by facilitating the spread of pathogens, via trophic impacts (grazing, predation, parasitism) and/or competition for resources. Reproductive isolation arising from geographic barriers such as mountain ranges, oceans and deserts is recognised as a major driving force in the evolution of species. When these geographic barriers are breached as a result of humans moving species across the globe, the genetic integrity of species may be threatened. Hybridisation between alien and native species is a potentially serious threat to biodiversity 35 (Table 2 ). Hybridisation may result in an infertile hybrid and this may lead to the decline of native species populations when hybrids represent the majority of offspring produced. Alternatively, the hybrids may be fertile and interbreed amongst themselves as well as the parental stock but generally perform less well than the native. Such ''genetic pollution'' threatens the integrity of native species and where this involves the spread of maladaptive genes, lower hybrid performance could lead to progressive native population declines. A further possibility is that the hybrid may exhibit new traits that enable it to occupy ecosystems from which either parent was previously absent or it may perform more vigorously in presently occupied ecosystems. While examples of each of these threats are known from Europe, a complete assessment is currently constrained by limited taxonomic knowledge, especially for invertebrates.
It may be expected that in the absence of physical, physiological or behavioural reproductive barriers, the likelihood of alien-native hybridisation will be a function of the genetic distance between two species. The greatest risks may therefore occur when subspecies are brought together. Some of the clearest cases relate to occasions where domesticated subspecies have established feral populations and interbreed with native subspecies. Examples include hybrids between domesticated and wild subspecies of goats (Capra aegagrus hircus and C. aegagrus aegagrus), cats (Felis silvestris catus and F. silvestris lybica), pigeons (Columba livia domestica and C. livia livia) and beet crops (Beta vulgaris vulgaris and B. vulgaris maritima). In certain cases, human use is sufficiently recent that no taxonomic distinction is made between domesticated and wild types (e.g. hybrids between farmed and wild salmon (Salmo salar)). Hybrids are also the result of humans moving different subspecies across Europe for commercial reasons. Mediterranean subspecies of the honeybee (Apis mellifera) and bumblebee (Bombus terrestris) have been introduced into north-western Europe where they hybridise freely with local subspecies. While the expectation that subspecies might hybridise with one another is fairly predictable, hybrids at the species level are often harder to foresee. Why do hybrids occur in Europe among native and alien species of deer, ducks, frogs or oaks but not beavers, mink, rats or squirrels? Such taxonomic variation undeniably reflects the phylogenetic distances between species, chromosome number, degree of geographic separation, species mobility, whether the species are sympatric or parapatric and the character of reproductive isolation. For birds, although species occurring in sympatry were less likely to hybridise, hybrids were more likely when one of the species was reported as endangered and where hybrids were easier to detect. 36 For plants, the rather unsatisfying conclusion is simply the more alien species introduced within a particular genus the higher the number of hybrids produced. 37 Unfortunately for most taxa the number of known hybrids is insufficient to elucidate the relative importance of these factors and establish a predictive model of hybridisation risk.
The success of many alien species in new regions has been attributed to the escape from parasites and pathogens prevalent in their native ranges. 38, 39 Yet, there are many cases where an alien species arrives with its parasites/pathogens and the latter have detrimental impacts on native species (Table 3) . In some cases, the parasite or pathogen has a marked impact on native populations without unduly affecting the alien host. Dramatic examples in Europe include the transmission of parapox virus between alien grey and native red squirrels (Sciurus vulgaris) and plague fungus in North-American signal crayfish (Pacifastacus leniusculus) that has spread to native European crayfish (Austropotamobius pallipes). In these examples, the pathogen is believed to have facilitated the establishment and spread of the alien host. In other cases, the role of the parasite or pathogen in the spread of the alien host is less clear. For example, where the introduction of alien hosts has assisted the establishment of a parasite/pathogen but subsequently the latter has spread more widely via freeliving stages (e.g. eel swim-bladder nematode) or several alternate native hosts (sudden oak death fungus). Often the impact of parasites and pathogens is most marked in commercial populations of hosts where densities are high. The wider impact on wild populations is more difficult to assess but can occur over a large spatial scale and long time period as illustrated by the decline of elms (Ulmus procera) in the UK following the introduction and spread of Dutch elm disease (Ophiostoma ulmi).
Where an alien predator has become successfully established it will more than likely subsist on a diet of native prey. Extrapolating from this observation to predictions regarding impacts on biodiversity is not straightforward in cases where predators have generalist feeding habits and impacts on any individual species may be limited. The racoon dog is an omnivorous predator but removal studies in Finland reveal only a limited impact on their avian prey. 40 However, impacts of generalist alien predators on specific native populations do occur. The American mink is held partially responsible for the decline in water vole populations (Arvicola terrestris) in the UK. 41 The muskrat preys, amongst other things, upon native freshwater mussels and can often lead to local population extinctions. 42 The introduction of an alien amphipod (Gmelinoides fasciatus) into eastern European lakes resulted in the extinction of native amphipods. 19 The predatory New Zealand flatworm is suspected of causing declines and local extinctions of earthworms in western Scotland. 9 The most marked predatory impacts are often found on islands where small populations of relatively naı¨ve prey are exposed to food-limited alien predators (Table 4) . In many cases the alien culprits are cats and rats and the victims are the flightless chicks of nesting seabirds.
Evidence of alien herbivores impacts on specific native plant species populations is largely drawn from the agriculture and forestry sector where introduced pests cause significant damage to crops and plantations. Outside of managed ecosystems, it is generalist vertebrate herbivores that have a reputation of negative impacts on biodiversity, especially on islands. Feral goats and to a lesser extent sheep and cattle have established populations on many islands as a result of deliberate introductions or escapes from domestic livestock. The most noticeable impacts have occurred where island plant communities evolved in the absence of ungulate (i.e. hoofed animal) grazing. Under such circumstances feral herbivores have modified entire island ecosystems. 43 For example, tussock grassland dominated by Poa spp. has been largely destroyed by feral ungulates on Tristan da Cunha, South Georgia, the Falklands, Kerguellen and New Amsterdam islands. This has resulted in a loss in plant and invertebrate species richness as well as increased soil erosion that has had a subsequent negative impact on ground nesting birds. 43 Pliny the Elder wrote in his Natural History that the invasion of rabbits (Oryctolagus cuniculus) on the Balearic Islands was such a severe problem that the help of Roman troops was sought to control them. 44 Rabbits continue to pose problems in the Canary Islands where they threaten unique plant communities 16 and the landscape of the British Isles has been much influenced by their grazing. 43 However, on islands off the coast of Britain, rabbit grazing has enriched the flora and rabbit burrows provide nest sites for seabirds. 43 Anecdotal reports often suggest that alien taxa compete and displace native species. The larger, more aggressive Canadian beaver is believed to outcompete and replace the European beaver (Castor fiber) in northern Europe. Mandarin ducks (Aix galericulata) are assumed to compete with the native goldeneye (Bucephala clangul) since both species nest in tree holes close to rivers and such sites are in limited supply. However, observational evidence for competition is usually insufficient and the most robust evidence stems from studies where the alien species has been removed experimentally. Such studies are few and far between. Removal of the invasive riparian weed Himalayan balsam (Impatiens glandulifera) highlighted the fact that the alien reduces plant diversity by about a third but that the plant species that respond most dramatically are other nonnative plants. 45 In contrast, the experimental removal of the invasive seaweed (Sargassum muticum) from a semi-exposed rocky shore had a negligible effect on the low intertidal macroalgal assemblage. 46 Even with experimental studies, identifying the resources for which species might be competing can be challenging. Himalayan balsam may compete successfully for light with native species 45 but is also more attractive to insect pollinators and as a result reduces seed set in native plants where they co-occur. 47 But which form of competition is most important in determining impacts? There is a dearth of detailed experimental evidence for competition between alien and native species in Europe and solely anecdotal evidence should be treated with caution.
In many cases, the impact of alien species is to replace or reduce the abundance of ecologically equivalent native species and there are rarely wider ecological implications. However, in selected cases alien species may act as ''ecosystem engineers'' or ''keystone species'' leading to significant alterations in invaded ecosystems. Alien species that act as ''ecosystem engineers'' have the potential to transform ecosystems by altering underlying biogeochemical, hydrological and/or geomorphological processes. Wholesale ecosystem changes occur following colonisation of sand dunes by mimosas (Acacia spp.) that includes augmentation of soil nutrients, stabilisation of dunes and replacement of native plant species. Riparian habitats are prone to the impacts of alien burrowing animals such as the Chinese mitten crab (Eriocheir sinensis) and coypu (Myocastor coypu) that destabilise riverbanks and increase soil erosion as well as flood events. Dense populations of the freshwater Asiatic clam (Corbicula fluminea) may affect the structure of planktonic communities and thus shift primary production to benthic communities. Alien species may also have such a wide impact on the resident fauna and flora through competitive and trophic interactions that they are classed as ''keystone species''. One of the most pronounced shifts in ecosystems has been as a result of the recent invasion of the American comb jelly (Mnemiopsis leidyi) to the Black and Caspian Seas. This predatory ctenophore has led to significant declines in zooplankton abundance that subsequently reduced pelagic fish populations. In Spain, the Argentine ant (Linepithema humile) displaces not only native invertebrates but also vertebrates and even impacts on plants through disruption of myrmecochorous seed dispersal mutualisms.
In contrast to increasing information on the pathways of entry, distribution and abundance of alien species, current understanding of the impacts of alien species in Europe lags behind other areas of biological invasions. In the United States, invasive species cause major environmental damages and losses adding up to almost $120 billion per year and 42% of the species on the Threatened or Endangered Species lists are at risk primarily because of alien invasive species. 48 These estimates of impact at a continental scale have undoubtedly helped raise the profile of alien species on the US political agenda. There is no figure for the environmental cost of alien species in Europe and the extent to which populations of Threatened or Endangered Species are impaired by alien species has not been quantified. Undoubtedly, part of the problem is the fragmentation of knowledge across different European nations and the absence of large-scale collaborative assessments of impacts across major biogeographic regions. 49 As a consequence, the number and impact of harmful invasive alien species in Europe is chronically underestimated, especially for species that do not damage agriculture or human health. Comparable estimates across Europe would play a pivotal role in informing policy and identifying resource priorities, yet to date these data are few and far between. In the absence of clear, quantitative messages regarding the current and future threats posed by alien species, it is difficult to see European policy evolving to meet the challenge of biological invasions.
Responding to the Threat of Biological Invasions: a European Policy Perspective
To combat the threat posed by biological invasions, several international policy instruments, guiding principles and procedures addressing alien species strategies are relevant to Europe (Table 5 ). Three broad areas of policy are germane to the prevention and management of biological invasions: a) organisms harmful to plants or plant products; b) animal and fish diseases; and c) species that may threaten wild fauna and flora. For the first two categories, European states have a comprehensive framework of laws and procedures that are harmonised with international phytosanitary, zoosanitary and trade rules. Coverage is mainly focused on agricultural pests and diseases affecting crops, livestock and farmed fish. The framework provides for biosecurity controls in the form of certification, quarantine procedures and post-entry surveillance as necessary, as well as measures to control spread. The effectiveness of these instruments is facilitated through clearly identifiable host and pest targets as well as the direct economic benefits of regulation. Because these contaminant pests have economic impacts there exist strict regulations on imports. For example, the ''Plant Pests'' Directive of the European Union provides lists of pest species that must be banned from being introduced into particular Member States while the ''Aquaculture'' Directive legislates against the introduction of organisms pathogenic to aquaculture animals. Identification of target species facilitates the control and eradication of economic pests, pathogens and parasites. For deliberate releases, while European countries have different national regulations for the release of biocontrol agents, approval has often been based on European and Mediterranean Plant Protection Organisation (EPPO) regulations. In addition, EPPO has made a ''positive list'' of organisms employed in biological control, which include organisms known not to have negative side effects. These instruments highlight how policy established in the agricultural sector could be developed in relation to protection of the natural environment. However, the range of potential species targets is several orders of magnitude greater in seminatural than managed ecosystems and the economic benefits are harder to quantify. Unfortunately, customs and quarantine practices developed to protect health and economic interests against diseases and pests have often been found to provide inadequate safeguards against species that threaten native biodiversity.
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All European states have ratified the Convention on Biological Diversity in which Article 8h recommends ''each Contracting Party shall, as far as possible and appropriate, prevent the introduction of, control or eradicate those alien species which threaten ecosystems, habitats or species''. Most European states have a further commitment ''to strictly control the introduction of nonindigenous species'' (Bern Convention on the Conservation of European Wildlife and Natural Habitats) and both the ''Habitats'' and ''Birds'' Directives of the European Union also contain provisions to ensure alien introductions do not prejudice the local flora and fauna. 50 The Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) enables nations to impose stricter controls on trade in certain species. It also establishes powers to restrict the introduction ''of live specimens of species for which it has been established that their introduction into the natural environment presents an ecological threat to wild species of fauna and flora''. The legal, administrative and policy measures adopted by the European Union in sectors directly or indirectly concerned with invasive alien species are outlined in a specific thematic report to the Convention on Biological Diversity. 51 Does this extensive policy background result in an effective strategy to combat invasive alien species? The answer depends on whether loopholes exist in legislation and if European states prioritise implementation on either a voluntary or a regulatory basis. Regrettably, one rather large loophole exists in that European legislation is constrained to: a) prevent deliberate rather than accidental introductions; b) exempt the major sources of accidental introductions from legislation (e.g. forestry and agriculture species, biocontrol agents, introductions into zoological and botanical gardens); and c) provide no commitment to eradicate or control established non-native species. Similarly, regulations under CITES may prevent import of invasive species (e.g. redeared slider and American bullfrog (Rana catesbeiana)) in the European Community but has no jurisdictions on captive breeding and domestic sale by the pet industry. In theory, deliberate introductions and escapes should be the most straightforward to monitor and regulate but in practice developing legislation appropriate to the economic sectors responsible for such introductions has proved difficult. Although voluntary codes of practice have been promoted within the horticulture and pet trade, adoption of the polluter-pays principle, where the costs of recapture, eradication or control are allocated to the agent responsible for an unlawful introduction or escape, appears distant. For example, although fishing with live bait is illegal in Norway, it still occurs since anglers continue with traditional fishing techniques and tourists bring live bait from Sweden and Finland, where fishing with live bait remains legal. 25 Similarly, the International Council for the Exploration of the Sea (ICES) has developed a ''Code of Practice'' on the movement and translocations for fisheries and marine culture purposes to diminish the risks of detrimental effects from the intentional introduction and transfer of marine organisms, yet it has not always been closely followed. 27 Of greater concern is the fact that while deliberate introductions may in the future be regulated and controlled, at least to some degree, introductions of alien hitchhikers can be much harder to prevent, even with rigorous inspection and quarantine procedures. The International Maritime Organisation (IMO) has begun addressing this issue with regard to ballast water and has proposed ballast water exchange by ships in the open sea to flush out alien species, but this is not fully effective in removing organisms from ballast and may be subject to ship safety limits. 12 Where preventive policies fail, strategic management must succeed in order to contain, eradicate or mitigate the threats posed by alien species. 52 However, such actions are frustrated by the degree to which European states prioritise invasive species management. An indication of the priority of tackling biological invasions can be gleaned from submissions under Article 8h of the Convention on Biological Diversity. As a group, the European states rate implementation of Article 8h as a significantly lower priority than do nonEuropean nations. This difference between policy awareness and implementation results in insufficient resources being made available to target invasive species. Consequently, some impacts of invasions could have been reduced if European states had uniformly applied relevant codes of practice and taken rapid action to eradicate introduced species following their detection (e.g. grey squirrel invasion in Italy, Caulerpa (Caulerpa taxifolia) invasion in France, zebra mussel (Dreissena polymorpha) in the Baltic). Similarly, several biological invasions now threatening Europe might have been prevented by a higher level of awareness of invasive alien issues and a stronger commitment to address them (e.g. introduction of the comb jelly into the Aegean).
7 A Future Europe: Will Economic Integration Lead to Biotic Homogenisation?
Although there exists an increased awareness of the threat of invasive species to Europe, alien species continue to be introduced. Changes in both the motive and mode of introduction will shape future introductions into Europe and while regulation of deliberate introductions may reduce risk, the role played by hitchhikers should not be ignored. Nevertheless, alien species of European origin still constitute the major group and are a consequence of the importance of intra-European trade. More recently, between 1991 and 2001 the value of European trade doubled and with it so did opportunities for species introductions. Yet, in addition to this quantitative change in trade, a qualitative shift also occurred. Over this period, while the value of intra-European trade almost doubled, trade with China increased four-fold and trade with the ten European accession states increased over five-fold. 53 Thus not only is the frequency and volume of trade increasing but the sources of trade are becoming more diverse. Accordingly a greater diversity and frequency of contaminants and hitchhikers may be expected in the future. World Trade Organisation (WTO) proposals relating to the globalisation of trade often conflict with guidelines on invasive species management set up under the auspices of the Convention on Biological Diversity. 25 Without closer attention from the WTO on international conventions and environmental agreements it will be difficult to manage invasion pathways. The drive to reduce the barriers to international trade is nowhere stronger than within the European Union. However, European economic sectors not only act as major sources of alien introductions but also suffer impacts from invasive species (Table 6 ). Thus, all sectors involved in activities Table 6 Examples of situations where the major economic sectors act as sources of alien species in Europe and the problems that alien species (from all sources) cause within these particular sectors.
Sectors Sector as source of alien taxa Aliens as sector problems related to invasive species must have a role in implementing preventive and corrective action. (Figure 5 ) The DPSIR framework can be adapted in a straightforward manner to characterise the threat to biodiversity from alien species. The framework thus presents a direct link between the economic drivers related to trade and the environmental consequences of invasion. The globalisation of trade is one of the primary drivers of biological invasions and establishes the regional pool of potential species introductions into any one region; internal trade, transport and urbanisation generate the pressure on natural ecosystems by increasing the propagule pressure. The interaction between the drivers and pressures is reflected in the state of the ecosystems, particularly the number of alien species established. Data on the impacts of the majority of alien species are limited but reflect a range of species and ecosystem effects. A hierarchical set of responses target each component. Driving forces are best addressed via international legislation that better reflects globalisation while national regulation and codes of practice can focus on specific pressures to selected ecosystems. Reporting on the states of ecosystems and species is probably best summarised at a regional scale while impacts are often managed for specific problems at a local level. The approach parallels the sequence of events associated with the invasion process where drivers determine the probability of species introduction into a region, pressures relate to patterns of establishments, states reflect population expansion and spread while impacts highlight invasive behaviour. The DPSIR framework highlights places where knowledge of different elements of biological invasions will be crucial to ensure productive dialogue between trade and conservation bodies and may help to target regulations and guidelines where the greatest risks exist. Only through such dialogue will Europe maximise economic wealth without sacrificing its environmental riches. 
